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(54) Method and apparatus for forming fine patterns on printed circuit board 



(57) Fine patterns of metal or insulator can be 
formed on printed circuit board using conventional lith- 
ographic steppers with inverted projection lenses. The 
inverted projection lenses act as enlargement lenses 
rather than reducing lenses and exhibit a large depth of 
focus sufficient to accommodate the deviations of PC 
board from planarity. The inverted lens reduces the size 
of the image needed at the mask, permitting multiple 
mask levels to be combined on a single glass. This re- 
duces the cost of the mask set and permits the use of 
smaller glass masks having greater accuracy and di- 



mensional stability than the convention mylar masks 
used for PC board. 

By inverting the projection lenses on near-obsolete 
steppers, applicants were able to form metal patterns 
on PC board of finer dimension than heretofore report- 
ed. Inverting a 5X ZEISS lens on a GCA 6300A stepper, 
applicants were able to form vias of less than 25 um 
diameter, pattern metal lines and spaces of less than 25 
urn, and obtain overlay registration accuracy of less 
than 25 jam. The field size was larger than 1 in 2 , and the 
depth of focus was greater than 50 ujti. 
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Description 

Field of the Invention 

This invention relates to methods and apparatus for 
forming fine metal or insulating layer patterns on printed 
circuit board. 

Background of the invention 

Laminated printed circuit board is the substrate of 
choice for supporting and interconnecting the compo- 
nents of electronic systems. Initially used to intercon- 
nect lumped parameter components such as resistors, 
capacitors and inductors, printed circuit board today is 
used to interconnect numerous integrated circuits. 

The conventional approach to patterning PC boards 
is near-contact printing. Large panel circuit boards (typ- 
ically 18" by 24") are coated with metal and photoresist. 
Equally large 1:1 mylar masks are positioned nearly in 
contact with the circuit boards and the photoresist is ex- 
posed through the mylar masks. The photoresist is de- 
veloped and used as an etch mask to replicate the de- 
sired pattern on the metal. Complex circuits can be built 
up by patterning several layers of metal separated by 
insulating layers, and interconnection between the var- 
ious layered patterns can be effected by drilling and met- 
al plating the drill holes to form conductive vias. The 
overlay registration is typically accurate to ± 7 mils for 
1 8" x 24" panels and ± 4 mils for smaller panels. A typical 
printed circuit board manufacturer can achieve 5 mil line 
widths, 8 mil drill holes and 16 mil capture pads. 

While this conventional PC board technology has 
provided a low cost interconnect medium for many elec- 
tronic products, as integrated circuits have become 
smaller and more complex, there is increasing pressure 
to provide finer metal interconnection patterns and 
smaller vias. For example, state of the art VLSI chips 
now have over 600 I/O pads, and 1000 I/O pad chips 
are on the way. Conventional wire bonding between the 
chip and the board requires larger chip perimeters than 
required by the circuit itself. Increasingly fine lead pitch 
on the board is required to keep the package at a rea- 
sonable size. 

One approach to reducing the area required for in- 
terconnection is the flip chip interconnection process. In 
the flip chip approach, the integrated circuit has an array 
of bonding pads and is flip chip soldered down onto a 
corresponding array of I/O capture pads on the board. 
The circuit board maps the array of capture pads onto 
a larger array of solder pads on the opposite side of the 
board. While this approach could overcome the prob- 
lems of pad-limited IC's and fine lead pitch packages, 
the standard circuit board technology cannot support 
the fine metal patterns required for the fine arrays of cap- 
ture pads, solder pads and small vias. 

The need for fine line patterns including small vias 
is further accentuated by the increasing demand for 



portable electronic products. Small printed circuit 
boards (2" x 3") are much in demand. Area on such 
boards becomes a serious limitation, and small vias and 
fine line patterns are needed. 

5 Further refinement of conventional printed circuit 

board technology is not likely to meet the need for fine 
patterns and small vias. The 1:1 near-contact litho- 
graphic tools and full size mylar mask techniques do not 
appear capable of achieving sub-mil vias and lines. 

10 Moreover, the minimum capture pad size is also limited 
by overlay registration accuracy. The best overlay accu- 
racy promised by advanced vendors is ± 2 mils, limiting 
the best via capture pad offered by industry leaders to 
5-8 mils. 

15 Nor can the techniques and tools used in integrated 
circuit manufacture be applied to large area circuit board 
substrates that often deviate substantially from planari- 
ty. Integrated circuits are typically patterned over tiny, 
highly planar areas of silicon using lithographic step- 

20 pars, small glass masks (typically 10 cm x 10 cm) and 
a 5:1 reducing projection lens. The mask image can be 
projected onto the Si wafer with submicron features. 
However, the depth of focus is two microns or less and 
the field size is typically 2 cm x 2 cm. This approach is 

25 not viable for typical large area PCBs because the circuit 
sizes typically far exceed the 2 cm x 2 cm field size, and 
because of the PCB planarity deviation of 1 0-25 um Ac- 
cordingly, there is a need for new methods and tools for 
forming small vias and fine metal patterns on printed cir- 

30 cuit boards. 

Summary of the Invention 

Fine patterns of metal or insulator can be formed on 
35 printed circuit board using conventional lithographic 
steppers with inverted projection lenses. The inverted 
projection lenses act as enlargement lenses rather than 
reducing lenses and exhibit a large depth of focus suf- 
ficient to accommodate the deviations of PC board from 
40 planarity. The inverted lens reduces the size of the im- 
age needed at the mask, permitting multiple mask levels 
to be combined on a single glass. This reduces the cost 
of the mask set and permits the use of smaller glass 
masks having greater accuracy and dimensional stabil- 
es ity than the convention mylar masks used for PC board. 
By inverting the projection lenses on near-obsolete 
steppers, applicants were able to form metal patterns 
on PC board of finer dimension than heretofore report- 
ed. Inverting a 5X ZEISS lens on a GCA 6300A stepper, 
50 applicants were able to form vias of less than 25 urn 
diameter, pattern metal lines and spaces of less than 25 
um, and obtain overlay registration accuracy of less 
than 25 urn. The field size was larger than 1 in 2 , and the 
depth of focus was greater than 50 um 

55 

Brief Description of the Drawings 

In the drawings: 
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FIG. 1 is a schematic diagram of apparatus useful 
in forming fine patterns on PC board. 
FIG. 2 is a block diagram showing the steps in form- 
ing a fine metal pattern using the apparatus of FIG. 

1; * 
FIG. 3 illustrates a PC board device made by the 
process of FIG. 2; 

FIG. 4 illustrates an alternative PC board wherein 
both insulating layers and metal layers are pat- 
terned using the apparatus of FIG. 1 ; and 10 
FIG. 5 illustrates an integrated circuit flip chip 
mounted on the PC board of FIG. 4. 

Detailed Description 

75 

Referring to the drawings, FIG. 1 is a schematic di- 
agram of apparatus useful in forming fine metal patterns 
on PC board comprising, in substance, a lithographic 
stepper 9 including a light source 1 0, a condenser lens 
11, a mask station 12, a projection lens 13 and an ex- 20 
posure station 14. The light source 10 and condenser 
lens are conventional. But the projection lens 1 3, in con- 
trast with the conventional stepper projection lens, is an 
enlarging lens having a field coverage in excess of about 
1 .0 in 2 and a depth of field in excess of about 25 urn 25 
The mask 12, disposed between the condensing lens 
1 1 and the projection lens 1 3, is advantageously the plu- 
ral set of masks 15 needed to pattern a multilayer PC 
board arrayed on a single sheet of glass. In a typical 
application each mask will have a 0.8" diameter field and 30 
1 urn features. 

The projection lens, as mentioned above, is an en- 
larging lens. Preferably it is a conventional reducing lith- 
ographic projection lens inverted from its conventional 
orientation. Thus a conventional 5:1 reducing lens when 35 
inverted becomes a 1 :5 enlarging lens and a 10:1 lens 
becomes 1:10. 

At the exposure station 14, instead of the conven- 
tional semiconductor substrate, there is a relatively larg- 
er area plastic substrate 1 6, such as PC board, typically 40 
having an area of 2 in 2 or more. The exposure stage 1 4 
preferably comprises a conventional X-Y repeat stage 
capable of automatic alignment at each local field. At 
the substrate, the inverted projection lens exhibits a 
large depth of field, typically ±50 um a large field cov- 
erage greater than 1 in 2 and preferably greater than 6 
in 2 and is capable of defining fine features 25 um or less. 

In the preferred embodiment the stepper is a mod- 
ified conventional lithographic stepper such as a GCA 
model 6300A. The principal modification is that the con- so 
ventional 5:1 ZEISS projection lens is inverted. The dis- 
tance from the lens to the image plane determines the 
magnification, in this case 5X. Focus is controlled by the 
object (photomask) plane to lens distance. The object 
plane must be kept parallel to the image plane. Focus, 55 
tip and tilt are adjusted and maintained by supporting 
the photomask holder on three p re-calibrated piezoe- 
lectric activators (Polytec PI model P-841.60 LVP2) out- 



fitted with spherical tips. 

In addition, a new condensing lens is provided to 
accommodate the larger field of exposure. In the original 
equipment, light from the illumination source is gathered 
and integrated by a fiber optic bundle. This is not 
changed, but, to provide uniform illumination over the 
useable area, a telecentric condenser system is insert- 
ed including a Lambertian radiator. 

FIG. 2 is a block diagram of the steps of the pre- 
ferred method of forming a fine metal pattern on a PC 
board. 

As shown in block A of FIG. 2, the first step is to 
provide a lithographic stepper having an enlarging lens 
of at least 1:2 ratio, preferably 1 :5. It can be as large as 
1:10. This is most economically accomplished by pro- 
viding a conventional lithographic stepper with a con- 
ventional reducing projection lens and inverting the lens. 
The stepper conventionally has a steppable mask sta- 
tion for holding a mask and a step-and-repeat exposure 
station for holding a substrate. 

The next step (block B) is to provide a patterned 
enlargeable mask for exposing a substrate in a desired 
pattern. Preferably, the mask is one of a set of plural 
masks on a single glass sheet The mask is placed at 
the mask station of the stepper. Advantageously, the 
masks are defined on chromium-deposited glass as by 
E-beam lithography. 

The third step shown in block C is to place at the 
exposure station a photoresist-covered PC board sub- 
strate. The substrate preferably includes a layer of metal 
(typically a 5 um thick coating of copper) which can be 
applied by vacuum deposition or electroless plating. The 
photoresist is a conventional photoresist such as Hoe- 
scht Celanese AZ4620 applied by spin, dip or spray 
coating. 

The next step (block D) is to expose the resist-coat- 
ed substrate through the mask and the enlarging pro- 
jection lens. The final step (block E) is to develop the 
exposed resist. In typical application, the developed re- 
sist is used as a mask to form an underlying metal layer 
into a desired pattern as by etchback or plateup. 

FIG. 3 schematically illustrates a portion PC board 
having on its surface a patterned metal coating made 
by the process of FIG. 2. The pattern is designed for 
receiving an integrated circuit having an array of bond- 
ing pads. Specifically, the pattern has an array of cap- 
ture pads 31 , each having a maximum dimension typi- 
cally less than 3 mil diameter, for receiving the array of 
bonding pads. It also includes a plurality of lead lines 
32, each having a width of less than 25 um, for leading 
in or out of the capture pads. In a typical example, the 
capture pads 31 are spaced 350 um apart on a square 
grid. The lead lines 32 extend to the square periphery, 
forming contact points 33 spaced 20 um apart around 
the periphery. 

Alternatively, the apparatus of FIG. 1 can be used 
to form a fine pattern on an insulating layer. Advanta- 
geously, the insulating layer is a photodefinable insulat- 
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ing material such as a polyimide or epoxy. The process 
involves applying the photodefinable insulator onto a 
plastic substrate such as PC board and exposing a pat- 
tern on the insulator using the apparatus of FIG. 1. A 
particularly useful application of this process is to make s 
small vias (diameters less than 3 mil) in the insulator. 

A preferred use of the invention is the formation of 
successive layers of finely patterned insulator and finely 
patterned metal on a PC board substrate, using pat- 
terned small vias and finely patterned lead lines to pro- io 
vide multilayer interconnection as to an integrated cir- 
cuit. 

FIG. 4 is a schematic cross section of a preferred 
application of the inventive process to make flip-chip 
mounted integrated circuits on PC board. An integrated is 
circuit 40 having an array of contact pads 41 on a major 
surface is flip-chip mounted on a PC board substrate 42 
having a corresponding array of metal capture pads 43 
for receiving the IC contact pads. Solder conductively 
connects the contact pads and the capture pads. Lead 20 
lines 45 on the board extend through microvias 44 to the 
capture pads 43. The lead lines 45 are electrically con- 
nected through vias 46, to underlying circuit board met- 
allization 47. The advantage of the present invention is 
that the capture pads can have a maximum dimension 2s 
less than 3 mil, the lead lines can be 25 \xm or less and 
the vias and microvias can have maximum dimension 
of less than 3 mil. The result is a substantial reduction 
in the area required for capturing the IC. Moreover, the 
device shown effectively and compactly packages the 30 
IC. With a second layer of circuit board 48 peripherally 
surrounding the chip 40, it is an effective substitute for 
the conventional DIP package. 

FIG. 5 illustrates a spread out pattern for a typical 
device of the type illustrated in FIG: 4. FIG. 5 can be 55 
most easily envisioned as a bottom view of FIG. 4, show- 
ing the spread of leads 45 from the chip area 50 to the 
metallization bumps 47 on the underside. 

Alternatively, several ICs can be similarly flip-chip 
mounted on a single PC board (e.g. a 2" x 3* board) and *o 
interconnected by fine leads to form a highly compact 
multichip circuit. 

As a specific example, the inventors have inverted 
a 5X ZEISS lens on a GCA 6300A stepper to achieve a 
5X enlargement stepper. Using this modified apparatus, *s 
they formed 7.5 u,m vias and a metal pattern of 5 urn 
lines and spaces on a 4 in. diameter field size on printed 
circuit board with a depth of focus of 75 urn The local 
alignment from field to field was aligned to 0.25 ujti using 
the existing laser interferometer controlled x-y stage, so 
Any global pattern distortion over the large panel was 
compensated by local alignment. The mask was 0.8 in. 
diameter, providing the opportunity to put a plurality of 
mask patterns on the same mask. 

This particular stepper and lens was designed 10 ss 
years ago for small field and high resolution to fabricate 
integrated circuits. By inverting the projection lens, ap- 
plicants were able to use this near-obsolete stepper to 



form on PC board vias, lines and spaces of finer dimen- 
sions than heretofore reported. 



Claims 

1 . A method for making fine patterns on printed circuit 
board comprising the steps of: 

providing a lithographic stepper having a light 
source, a mask station, a projection lens and 
an exposure station, said projection lens com- 
prising an enlarging lens having a depth of field 
of at least 25ujti and field of coverage of at least 
1 in 2 ; 

disposing at said mask station a mask of de- 
sired pattern; 

disposing at said exposure station a substrate 
of printed circuit board having a major surface 
with an area in excess of 2 in 2 , said surface in- 
cluding a coating of photosensitive material; 
exposing said photosensitive material to light 
from said light source passing through said 
mask and said projection lens, said light defin- 
ing a pattern comprising lines and spaces hav- 
ing dimensions less than 25 um or openings 
having a diameter less than 3 mil in diameter; 
and 

developing said exposed pattern on said print- 
ed circuit board. 

2. The method of claim 1 wherein said printed circuit 
board comprises a coating of metal on said major 
surface, 

said coating of photosensitive material com- 
prises a coating of photoresist; and 
forming said exposed pattern comprises devel- 
oping said photoresist and forming said metal 
layer into said pattern by etchback or plateup. 

3. The method of claim 1 wherein said printed circuit 
board comprises a coating of photodefinable insu- 
lating material on said major surface. 

4. In a lithographic stepper apparatus comprising a 
light source, a mask station, a projection lens and 
a substrate station, 

the improvement wherein said projection lens 
is an enlarging lens having a depth of field of at least 
25 ujti and field coverage in excess of 1 in 2 for form- 
ing patterns on a printed circuit board substrate 
comprising less than 25 u.m lines and spaces. 

5. The apparatus of claim 4 wherein said enlarging 
lens is in the range of enlargement 1:2 to 1:10. 

6. The apparatus of claim 4 wherein said enlarging 
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lens is a 1:5 enlarging lens. 

7. The apparatus of claim 4 wherein said projection 
lens comprises a reducing lens for making integrat- 
ed circuit which is inverted to be an enlarging lens, 5 

8. An electronic device comprising: 

an integrated circuit having a major surface in- 
cluding an array of bonding pads, 10 
a printed circuit board having a patterned metal 
surface comprising less than 25 \xm lines and 
spaces, said pattern including an array of cap- 
ture contacts for receiving said array of bonding 
pads on said integrated circuit; and is 
said integrated circuit flip chip mounted on said 
printed circuit board with said bonding pads 
conductively adhered to said contacts. 

9. A device according to claim 8 wherein said printed 20 
circuit board further comprises a patterned insulat- 
ing surface underlying said patterned metal sur- 
face, said patterned insulating surface including a 
plurality of via openings having respective diame- 
ters less than 3 mil. 25 
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FIG. 2 



PROVIDE A LITHOGRAPHIC STEPPER HAVING AN ENLARGING PROJECTION LENS 

I 

DISPOSE A PATTERNED MASK AT THE MASK STATION OF THE STEPPER 

1 

DISPOSE A RESIST-COATED PC BOARD SUBSTRATE AT THE 

EXPOSURE STATION OF THE STEPPER 

* 

EXPOSE THE RESIST-COATED SUBSTRATE THROUGH THE 

MASK AND THE PROJECTION LENS 

I 

DEVELOP EXPOSED RESIST 
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FIG. 4 



45 THIN FILM 
TRANSMISSION LINE 
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By inverting the projection lenses on near-obsolete 
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